





KSU Traffic: Optimizing Campus Flow 
T.T.O – Team Traffic Optimizers  
Kiara Lawson: Project Manager 
Sara Davis: Data Analyst 
Mohan Siwakoti: Technical Expert 
Justin Bostwick: Operations Research Manager 






Advisor: Adeel Khalid  







Executive Summary  
To solve the West Main Entrance traffic problem on the Kennesaw State University – 
Marietta campus, numerous hours of work were performed as well as extensive analyzing of 
data. We looked through past research to apply practices used then as well as different methods 
of optimizing a system to create a solution to our current problem. When dealing with traffic 
there are many factors that need to be considered from time of day, accidents, turning, timing, 
and more. These different factors were all considered in our journey to finding a solution. We 
have decided that building a turn lane to turn right onto South Marietta Parkway exiting campus 
would be our best plan of action, and as a secondary course of action altering the time window 
for lights.  
The idea to add a turn lane is a costly route to take but shows the best increase in cars 
able to leave campus at an increased rate of 43.6%. While the increase in the number of cars per 
light rotation both red and green is 43.3%. This was determined through simulation modeling, 
data collection, and a cost breakdown. Due to this increase in traffic flow leaving campus 
without being stuck at light, we predict a rough decrease of 40% in car accidents and people 
running lights.  
Overall, the cost for this project is largely based on the average cost that the government 
provides for road construction and what a company would need to charge Kennesaw State 
University to cover this elective course of road change. The decrease in traffic and accidents 
would be incentive enough for this course of action and proposes a much-needed change to help 
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Chapter 1 Preface 
1.1 Introduction 
After about a year and a half of online classes after the Corona Virus minimized in person 
interaction, the Kennesaw State University – Marietta campus is full of students eager to be 
back in the classroom. One of the ramifications of the university returning to a fully 
operational state is an increase in traffic entering and exiting campus.  
There are around 35,600 students and 1,004 faculty and staff members. The school has 
provided a limited number of online classes, and many of the courses are on campus. It is 
estimated that the total number of available parking spaces on campus is just around 14,000. 
When we compare the numbers of campus attendees and the available parking space, there is 
a considerable shortage of parking. However, not all the attendees are on the campus at the 
same time. Because of the school selected schedule for classes, the time varies with each 
class where the student and staff are in and out of campus. There will be a constant feature of 
coming and going on the campus which causes traffic congestion. Traffic congestion has 
become a significant problem at Kennesaw State University on the Marietta campus. It is 
because of the activities of incoming and outgoing and the limited numbers of roads and 
available parking spaces. The growing number of on-campus students and their automobiles 
cause a tremendous amount of traffic blockage, which results in increasing commute time, 
stress and causing students late arrival in class. 
1.2 Overview 
The use of data analysis as well as simulations will provide us a chance to create a 
solution to this problem by determining the source of the traffic problem and determining a 
route to take that will optimize flow. To do this we will use economic budgeting, past data 
and current data, Arena and Vensim modeling, and a cost benefit analysis; these different 
tests will create a solid ground for our solution to stand on. 
1.3 Objective 
The goal of this project is to identify the location and cause(s) of high traffic areas on the 
Kennesaw State University – Marietta campus and determine ways to improve the traffic 
flow. With this we hope to improve efficiency of travel on campus and create a more 






As students at Kennesaw State University – Marietta campus, we see the growing 
problem as more students attend KSU. We hope to create a solution that will allow for the 
growth of this university while reducing the congestion that has started to arise. Through this 
we will be able to reduce traffic on campus and increase student presence. 
1.5 Background 
As students at Kennesaw State University, who have been on campus before COVID-19 
and now, we can see that the issue has continued to grow resulting in a solution that needs to 
be obtained. The current intersection has resulted in accidents, increased traffic, students 
being late to campus, and a lack of flow due to the increase in students. Not only as students 
are we aware of this issue but we can apply the knowledge we have learned to create a 
solution to a growing issue that affects us. 
1.6 Problem Statement 
The optimization of the west main intersection on the Kennesaw State University – 
Marietta Campus is our goal for this project. As a group we hope to apply our knowledge of 
simulations, route optimization, cost benefit analysis, and input analyzer to be able to create 
and propose a solution that will not only help increase traffic flow but also be applied to 







Chapter 2 Literature 
2.1 Literature Review 
As the population in major cities and increases, so does traffic congestion in and outside 
the city. There are many factors that contribute to an increase in populations: more job 
opportunities, lower cost of living, education, etc. Kennesaw State University (KSU), 
established in 1963, increased their enrollment by almost 9 percent from fall 2019 to fall 
2020 and reached the 41,000-student milestone for the first time. KSU is currently the second 
largest institution in Georgia and in fall 2020, had “the largest freshman class enrolled in 
bachelor’s degree programs in the state of Georgia.” (Enrollment growth propels Kennesaw 
State to Georgia's second-largest university 2020). While growth can be great for schools, job 
markets, and the overall economy there are downsides including an increase in traffic 
congestion. Since traffic congestion has been a growing problem in every major city, there 
have been multiple proposals for how to solve the problem.  
Traffic lights have been around since 1912 when they were first developed by Lester 
Wire, this means that over the past 109 years there have been considerable advances made 
and research performed on the use of traffic lights. The first electric traffic light which was 
used for the directing of cars was in 1914 and originally only had green and red lights to 
signal a change in direction. As time progressed, they went from being manually operated to 
automated using time sensors, then sound sensor which did not last exceptionally long, to 
computerized detection in the mid 1900’s. This change in system provided less wait time at 
stop lights and allowed for traffic pattern monitoring. Over the last 109 years of using 
different forms of traffic signals, research has been collected to optimize traffic, reduce 
accidents, and even out waiting times. Popular research found related to our intended goals 
surrounding the optimizing of traffic signals and how to reduce traffic, accident history, and 
the use of simulations to models current and future traffic patterns. 
While traffic is a known problem in highly populated areas, problems that justify change 
still need to be identified. In 2014, Texas Transportation Institute reported that traffic jams 
wasted over 3.1 billion gallons of fuel and 6.9 billion hours in urban areas in the United 
States. It was determined that factors such as signalized intersection have a significant impact 
on transportation efficiency which gave researchers cause to find a way to improve 





2019). Many of the studies done on relieving traffic congestion focus on signal control 
systems. One of the most popular methods in engineering applications is to apply a 
simulation-based optimization approach. A study was performed in 2014, which applied a 
stochastic optimization approach, mainly genetic algorithm. This approach was used to 
determine signal control parameters for the purpose of improving traffic efficiency and 
enhancing energy and reducing vehicle wait-time. Due to the way traffic signal systems are 
designed, it can be difficult to alter the control parameters to correspond to live traffic 
conditions. This has caused an increase in the research of adaptive control strategies. SCOOT 
(Split Cycle Offset Traffic System) and SCATS (Sydney Coordinated Adaptive Traffic 
System) are a couple of the earliest adaptive signal control systems. The main idea behind 
both systems is to select the most appropriate signal plan from a look-up table according to 
the traffic conditions detected. More recently there have been other innovative approaches 
applied for the development of adaptive signal control. Cai, Wong, and Heydecker 
formulated signal control as a sequential decision-making problem and solved it using the 
approximate dynamic programming approach (Cai et al.). El-Tantawy, Abdulhai, and 
Abdelgawad applied reinforcement learning approaches and equipped signal systems with 
the intelligence to carry out learning for control parameters (El-Tantawy et al.). Although 
there are more innovative approaches being studied, most adaptive signal control systems 
focus on managing traffic and the network level utilizing simplified fixed-time (FT) control 
logic to represent local operation. (Jin et al.). 
 When it comes to smart cities, Atlanta is not recognized as a top smart city, yet 
the city has adopted a few smart city solutions. One of these solutions was the North Avenue 
Smart Corridor. It was announced in 2017 and is a 2.3-mile project running along North 
Avenue from the Georgia Tech campus at Northside Drive to Freedom Parkway slightly past 
Ponce City Market. It is a known fact that Atlanta traffic gets very congested, lengthening 
many people’s commutes into and out of the city. In April 2019, U.S. News & World Report 
released the “Best Places to Live” ranking and Atlanta ranked number six for the worst 
commute times in the country, with an average commute time of 31.4 minutes (Hess). This 
project was specifically designed to ease congestion and improve safety along North Avenue. 
This street carries approximately 29,000 cars a day and had a crash rate three times higher 





the implementation of the latest technology adaptive traffic signals for a safer, more efficient 
flow of bus and vehicular traffic in real time conditions. The adaptive traffic signals being 
used monitor the traffic congestion in real-time and allow the traffic light timing to be 
adjusted to move cars more efficiently through the corridor. Surveillance cameras were also 
installed allowing traffic lights to adjust to pedestrians crossing the street, delaying the 
change to a green light. Since the implementation of The North Avenue Smart Corridor, 
accidents along the corridor have been reduced by 25% (Johnston). 
 Simulations are the use of software that allows for the modeling of different 
situations and is a popular source of research done by past analysts. By using simulations, 
ours being Vensim and Arena, we can create a current model as well as future model that will 
provide sources of data to analyze as well as a visual. Many factors are used to create these 
models, “the behavior of drivers in terms of the degree of acceleration of the car, the 
agglomeration of the streets, the speed at which they travel, the pedestrian flow, the 
positioning of the road signs, etc” (Pop). These varied factors are what many past articles 
base their research and data on, factors that also affected our data were the acceleration of the 
car, the speed, and pedestrians crossing seemed to have the most impact on how our data 
came out. The goal of using a simulation to model our data is to provide a visual in which we 
can edit different parameters to see the outcome while comparing it to the current layout. 
Using Arena to create this model is how we can have “The maximal bandwidth method 
maximizes an opportunity of progression for drivers and does not reduce delays necessarily” 
(Adacher). A popular feature used in Arena is input analyzer, in the article “Traffic queue 
modeling using arena simulation software (a case study of Mergan 4-Way intersection in 
Malang City)” (Yuniawan, P.P and Hariyanto), they use arena as their main point of software 
use and with that input analyzer was used to find the distribution of data collected. Having 
the distribution for a set of data helps to understand the main points of concerns within data 
and provides the numerical results needed to further analyze the data. Another use of Arena 
in past research is in the article “Modeling and Simulation of Urban Traffic Signals” 
(Salimifard and Ansari) by Khodakaram Salimifard and Mehdi Ansari, they used Arena to 
learn about how traffic affects Bushehr which is a main city in the southern part of Iran, there 
they concentrated on a main intersection that faces issues with traffic flow. In the Arena 





drivers had. The simulation ran for a week and with that they were able to get results 
pertaining to the waiting times, lengths of vehicle queue, as well as how many cars turned 
onto different roads (Salimifard and Ansari). Basing our model on a comparable situation 
helps us to create a credible model that will accurately depict the current situation we are in 
as well as areas in which we can improve it. One scenario that we had to investigate was the 
use of time-based sensors and pressure-based sensors for traffic. Currently our system uses a 
time-based traffic light system but there are benefits to having a pressure-based one. While 
researching the difference between the two we came across “Simulation of "Time-based" 
Versus "Sensor-based" Traffic light System”, in this article they compare the use of both 
systems while also creating Arena models to further depict the differences. One main thing to 
consider is “There are two types of sensors implemented in the traffic light system, the 
intrusive ...and non-intrusive ...type. Intrusive type provides higher accuracy than the non-
intrusive type, but higher in installation and maintenance costs” (Fatah, Yussuf and Aziz). 
The main difference they focus on is the time window difference for the two models and how 
each is affected with the different traffic light systems. While we have investigated the 
different cost of installing a sensor-based model we are focusing more on the time-based 
model because a sensor system works better where a turn lane is considered, if we go the 
route of implementing a new turn lane, we can later consider a sensor-based model. A time-
based system allows us to monitor the busy times of traffic while being able to change the 
window of time for various times of day and the effect of traffic on those times. After 
researching multiple articles based on simulations, we have realized that using Arena to 
model the different scenarios we are aiming to analyze is the best route to go.  
 Using a literature review we were able to obtain the needed previous research to 
see that the route of decision we were on was the correct one. By focusing on previous traffic 
problems and the use if simulations to model those problems we can back our findings with 
those of other peoples, not only from the viewpoint of a college campus traffic flow problem 
but also from the viewpoint of international models that were analyzed. These worldwide 
articles we researched show the continuing issues of traffic signals and how there is always 





Chapter 3 Define 
3.1  Problem Solving Approach  
To understand the problem, we are aiming to fix, we first needed to narrow our scope and 
determine a course of action that could be applied in an economical manner.  
Our main area of focus is the west main entrance of the Kennesaw State University – 
Marietta Campus, once we determined this was the area in which the problem was greatest, we 
needed to determine how much data we wanted and how we were going to obtain it. Each person 
in the group was tasked with getting multiple data points throughout the first half of this project 
at varying times of the day. In total we aimed for 150 data points, this was to help verify our 
findings and provide a substantial pool of data. Once the data was gathered, it was analyzed and 
used to create our simulation and sensitivity analysis, which helped to understand our cost 
benefit analysis, which shows how economical it is. As these tasks were completed, our problem 
solution became easier to see and we were able to verify our approach.  
3.2 Requirements  
The requirements surrounding this project are related to how much improvement we hope to 
see and proposed construction work. We aim to have a simulation that can be used for KSU and 
GDOT to see the improvement of altering light times and installing a turn lane. The end goal is a 
20% increase in the number of cars that manage to leave and enter campus without 
compromising other areas of traffic. In addition, we aim for a major road change such as an extra 
turn lane heading towards the I-75 ramp that could help with merging and decreasing traffic 
leaving campus. 
• KSU T-Optimizer shall reduce traffic by altering traffic light times.  
• KSU T-Optimizer shall have one major proposed road change.  
• KSU T-Optimizer shall have a user-friendly arena simulation.  
• KSU T-Optimizer shall have a 20% increase in number of cars leaving campus. 
• KSU T-Optimizer shall have a 20% increase in number of cars able to enter 
campus.  
• KSU T-Optimizer shall have a 20% increase in the number of cars exiting campus 





• KSU T-Optimizer shall have a 20% increase in the number of cars exiting campus 
at each red-light rotation.  
• KSU T-Optimizer shall have a Vensim model to back accident history.  
• KSU T-Optimizer shall be economical for KSU and Cobb County to implement.  
• KSU T-Optimizer shall allow for seasonal changes in traffic flow.  
• KSU T-Optimizer shall provide a cost-benefit analysis.  
• KSU T-Optimizer shall provide a proposed budget.  
• KSU T-Optimizer shall fall below budget by 10%. 
• KSU T-Optimizer shall improve traffic congestion relating to the I-75 ramps.  
3.3 Gantt Chart and Schedule 
Figure 1(Gantt Chart) 
Above is our Gantt chart that breaks down our schedule for this project. The chart shows 
how we broke the work down to help make completion of the project achievable through a 
detailed schedule. Each member of the team has distinct roles to reach the goal of the project and 
ensure that our requirements are met. 
3.4 Flow Chart 
 The flow chart below is a visual depiction of the choices a person has when at the current 
entrance at the West Main Entrance coming off South Marietta Parkway. We plan to add an 
additional turn lane that would not change the options below but create a more efficient route for 






Figure 2 (Flow Chart) 
 
3.5 Responsibilities 
For this project, each person was assigned separate roles so that all parts needed can get 
completed in a timely manner. These roles are as follows, Kiara Lawson is the project manager, 





operations research manager. As project manager, Kiara oversees leading our team to meet 
deadlines and monitor progress to ensure satisfaction of completion. Sara is our data analyst and 
oversees monitoring data collection, analysis, and obtaining outside sources. As our technical 
expert, Mohan oversees the simulation, programs needed, and ensuring the solution is logical. 
Justin Bostwisk is our operations research manager who will focus on our budget, reports 
analysis, and research information. 
3.6 Budget  
For our budget, the breakdown of our work and cost associated were put into tables that 
once completed will show the average cost for this project. To begin, the cost per hour for a 
project manager is $56/hour ($72/hour with added fringe benefits), for a data analyst the cost is 
$47/hour ($61/hour with added cost of benefits), for our technical expert the cost is $45/hour 
($58.5/hour includes benefits), and our operations research analyst makes $43/hour ($56/hour 
with benefits). These are an average that we obtained by looking at the bureau of labor statistics 
and applying our knowledge of the task (and additional labor burden such as carrying costs and 
benefits applied to each employee). Additional costs that are in the budget breakdown are cost 
for program, construction cost, and delays in progress. With all these considerations, our budget 
is $500,000.  
  






Table 2 (Software Costs) 
 
Table 3 (Construction Costs) 
 
3.7 Required Resources 
The resources used in this project come from research and data we could find relating to 
our project and verifiable sources that provided information to analyze. These sources contain 
traffic data, routes, and stoplight information that helped our understanding of the problem. Such 
resources are: GDOT, KSU Parking and Transportation and past articles surrounding traffic 
flow. Additionally, we need two forms of software to model our current problem and future 
modeling, these software applications are Vensim and Arena. Using these two models helps to 
create an accurate source of information to verify our findings, while being able to compare. 
When focusing on budget and cost breakdown, Excel will be used to run the numbers and reach 





Chapter 4 Measure 
4.1 Data Required 
In this section of our paper, we are focusing on the data we aimed to get and the 
reasoning behind this data. To create our proposed solution, we first needed to get the data that 
would be used to create a baseline that we could use to find the optimal solution. As a group we 
concluded that 150 data points would be the best number for creating this baseline and set out to 
get them all. The data required was how long the red light and green light lasted, how many cars 
went through as well as the data regarding the right and left turns. Below in the tables and figures 
we can see these data points and the percentages related to them. This information was used in 
our simulation and in our different forms of analysis to get a well-rounded opinion of the 
situation. 
4.2 Data Collection 
Data collection took around 4 weeks for all of us to get our goal of 150 data points. We 
spread out the collection of data so that we could get different time periods of the semester as 
sometimes traffic is better or worse than others. Each person in the group obtained data and we 
primarily focused on the busier times of day such as 11am, 1pm, and 4pm. Using this method of 
collection, we were able to get a range of data that would eliminate bias surrounding time of day 
and semester. We believe that these data points are a good representation of the problem faced at 
this intersection and are confident in the analysis we obtained. 
4.3 Problem Solving Methods 
 There are multiple problem-solving methods that will be used to verify our course of 
action, having multiple methods allows us to compare findings while building upon each 
method. The current methods we will be using are a Vensim model and Arena model to 
understand the system and how we can improve it. Vensim will focus on drivers and how the 
different driving styles contribute to wrecks at this intersection, while Arena will model current 
choices and future choices with the proposed road change. These two models will give us 
additional descriptive statistics that can be analyzed to back our findings such as input analyzer. 
Other methods used are cost benefit analysis and input analyzer to determine how economical 





 Method solutions we will be focusing on are changing the traffic light times and 
constructing a new turn lane where drivers can turn right onto South Marietta Parkway exiting 
campus. These different methods will show the benefits of both options and the best course of 
action to take.  
4.4 Solving Method Used 
4.4.1 Vensim Method 
Vensim PLE is a computer program that helps solve complex and non-linear problems. It 
helps forecast future outcomes by plugging in the probability of the systems based on given data 
and feedback loops. Vensim is used in this project as one of the problem-solving methods to get 
the results using situational causes. We have created three scenarios such as Normal Driver, 
Reckless Driver, and Normal traffic flow. This simulation is to determine the effect between 
Normal Drivers and Reckless Drivers that result in traffic flow at the intersection. We are using 
collected data from the South Marietta Pkwy/ South Main Entrance in Kennesaw State 
University Marietta Campus and using probability-based Department of Transportation report.  
  





Some factors, such as delay time, the average time of red light at the intersection, and 
others are described below, are used to analyze the traffic flow. Additionally, the probability of 
an accident with reckless drivers are based on researched data from the Georgia Department of 
Transportation. We calculated susceptible drivers using the ratio of the normal driver and daily 
accident. We evaluated the contact between normal and reckless drivers by multiplying 
susceptible drivers and the probability of an accident with reckless drivers; the probability is the 
ratio between reckless drivers and total cars from our data. We assumed the accident rate at 
intersection based on Georgia Department of Transportation (GDOT). According to the GDOT, 
intersection crash rate is 24% in undivided road as we are surveying on. Moreover, the accident 
rate and no accident flows are determined from all the above factors.  
We took three different trials: base model, increase in average green light time and 
increase in the number of car lanes to analyze the possible outcome of normal traffic flow that 
will help reduce the traffic jam at the intersection. The figure above shows all the factors used to 
optimize traffic flow, and our initial goal was to find a way to have normal traffic flow and 
reduce any gap.  






The above charts are results collected from Vensim model simulations. As we talked 
about three trials, the blue line is the base trial, the red line is when increasing the time of green 
light, and the green line is when increasing the number of right or left turn at the signal. The base 
model is to see the traffic flow using the probability of an accident at the intersection with the 
collected total number of cars. We then increase the likelihood of reckless drivers finding out the 
outcome of traffic flow. Similarly, we increase the time of green light and add numbers of lane. 
It shows that when the number of reckless drivers increases, the accident rate also increases, and 
the traffic flow decreases.  
According to the Vensim PLE simulation from given data, we conclude that an increase in green 
light traffic time and growth in the number of lanes will reduce the traffic flow's interruption and 
decrease accidents at the intersection. When we increase the number of reckless drivers, the 
accident rate goes up; however, increasing the number of left and right turn lanes reduces traffic 
incidents and improves the normal flow of traffic. The graph of normal flow shows the vehicle 
crossing through the intersection of South Marietta Pkwy.  
4.4.2 Arena Method 
Arena is the simulation software we used to build two models, the first model is a 
representation of the current layout of the West Main Entrance onto the Kennesaw State 
University – Marietta Campus, while the second model is a model of the entrance adding a turn 
lane to exit right off campus. These two models were based on the decision choices a driver has 
and the data we collected over 4 weeks. The simulation of both models will determine how the 
effect of a turn lane will affect the number of cars able to leave campus and if we can increase 
Figure 6 (Vensim reg. Reckless Driver) 





the number of cars off campus by 20%. Additionally, by changing the models time between 
arrivals under the create module we can see how increasing or decreasing the time of traffic 
lights will affect the number of cars off campus. Both simulations were running for 2.5 hours 
over 12.5 hours, these values were decided because our data was collected over a total time of 
2.5 hours, during the week. The model is set to start on a Monday and run 2.5 hours a day, for 5 
days, 12.5 combined hours. Having this window of time set in Arena allows us to compare the 
total units out to our data times 5. 
 
Figure 7 (Arena Current Model) 
 The figure above is the first model created in Arena to represent the current traffic model 
at the South Marietta Parkway – West Main Entrance. To build the model we had to see what 
decisions a driver has and determine the percentage of cars that are making those turns over a 
period. In this model there are three creates, processes, and decides modules; all of which 
required different data to run a simulation that was as accurate as possible. The first series of 
events made in this simulation is for cars leaving campus, where currently there is only one lane, 
to decide what direction that car would go the decide model is based on the probability that a car 
would turn right; being true; while false means they would go left. The next series is for cars 
turning right onto campus, where at the decide model is based on the probability that a car turns 
right, and all false results are going straight. The next series is for cars turning left onto campus, 
where at the decide model is based on the probability that a car turns left across traffic with all 
false entities going straight. One of the most important parts of both models was the creation of 
models for each series that was occurring, this focused on the rate at which cars are arriving to 
either enter or exit the campus. To find this value we had to take how many cars from each 





car per minute that was used for the create model. To create the process models, we had to 
analyze our data to find the different means and standard deviations to have the cars go through 
at an accurate representation. By creating a current model of the entrance, we can understand the 
process and see how over a period the number of cars entering or exiting changes.  
 
Figure 8 (Arena Turn Lane Model) 
 In the turn lane arena simulation, the model is like the current traffic simulation but has 
an additional create, process, and decide model that breaks the one series relating to the exit 
model from Figure 6 into two. The end models do not change though because a driver is either 
turning right, left, or going straight. The new turn lane model shows there are 4 choices for a 
driver to be making, these are enter left, enter right, exit left, and enter right. This represents how 
by adding a turn lane you can increase the number of cars exiting campus because they are no 
longer getting stuck behind someone turning left.  
 From the two models above, we can see that by adding a turn lane there is a substantial 
increase in the number of cars able to exit campus because it opens that extra option. By 
increasing the number of cars leaving campus, the risk of traffic congestion decreases. 
Additionally, with the current model we can see how changing all the times increasing and 
decreasing by 25% and only changing the exit time by 25% we can see how the number of cars 
out changes. This offers the chance to see if the number out is comparable to the number out if 





 To see how changing the light times would affect the number of cars entering and exiting 
campus, we focused on the time between arrivals for each car and how increasing or decreasing 
that time by 25% affected our numbers out. By changing the time between arrivals there is an 
opposite correlation to the average time for the lights. For example, by increasing the time by 
25%, we are decreasing the average time for the lights by 25%; so, for the green lights the 
average time would be 00:31.9 and for the red light 00:50.925. By changing the times by 25%, 
we can see if the number of cars out is comparable to the number of cars out if we were to add 
the extra turn lane.  
4.4.3 Input Analyzer Method 
Input analyzer is a feature in Arena that can be used to analyze a set of data and provide 
you with a distribution summary, data summary, and histogram summary. Using this tool in 
Arena is helpful to get an understanding of data, since it has a fit all option that provides the best 
distribution style for that set of data. For this project, we used input analyzer to focus solely on 
the number of cars data and how it was spread over the 150 data points individually and 600 data 
points in total over the four options. We created a summary of results for all the cars, cars that 
turned right onto campus, cars that turned left onto campus, cars that exited right off campus, and 
cars that exited left off campus. Below are the results and a breakdown of what the different 
summaries represent.  
 
Figure 9 (All Car Data Graph) 
 The figure above is the input analyzer report generated for the data of all 600 points of 





0.013008 which tells us how close the regression line is to the data. The values we used to 
understand our data and were important to the building of our Arena models were from the data 
summary, it that summary we get the min, max, mean, standard deviation, and the number of 
data points.  
 
Figure 10 (Enter Left Input Analyzer) 
 






Figure 12 (Exit Left Input Analyzer) 
 
Figure 13 (Exit Right Input Analyzer) 
 The four images above are the input analyzer results for each different turn option that a 
driver can make. According to our results the best fit for all sets of data is beta, this means that 
with a beta distribution the squared error is the smallest out of all other fits and is the closest to 
the regression line. These different results also provided all the values needed for our two Arena 
models, this being the expression we need, with the two alpha values, the means for each set of 
data, and the standard deviations for each set.  
 Input analyzer is a useful tool associated with Arena that helps to understand the spread 
of data and the best fit for different data scenarios. Using input analyzer was vital in our 





4.4.4 Cost Benefit Analysis  
To get a better understanding of the cost and benefits of significant capital expenditures 
relating to the addition of a turn lane, we decided to perform a cost benefit analysis via an excel 
model. By improving traffic flow via infrastructure improvements, we sought to quantify both 
the benefits and the costs of such a project for Kennesaw State students. Performance measures 
of the benefits had to be adjusted to monetary units to analyze the full value of the proposed 
intersection improvements and to compare them to the absolute monetary investment and capital 
recovery that this project would incur.  
Performance measures included Car Delay Travel Time Cost (Per hour). By adding a 
turning lane, we would reduce average car delay time by 9 seconds. This resulted in significant 
benefits with approximately 2.8 hours saved per day for all cars passing through the intersection. 
Safety Accidents would be reduced by the improved flow of traffic to 11 per year (from 18). 
Additionally, fuel consumption by idle waiting would be reduced by the reduction in delay time. 
All of these were monetized by a value per unit with an output of daily benefits into annual 
benefits using 260 working days per year.  
Calculations of Car Delay Travel Time Cost: 1109 total cars * 9 second improvement = 
2.8 hours total saved daily in waiting time. 2.8 * 18 = $50.40 Daily Benefit 
Calculations for Car Accidents: .0006108 crash rate per 1109 cars = .07 crashes per day 
or 18 per year at a cost of $4,525 per accident. However, this is predicted to decrease 40% to 11 
per year will give us a daily savings of $122 
Calculations for fuel: A decrease in 3.26 hours waiting time gives a net benefit of .20 
gallons per hour*3.26= .65 gallons* $3 a gallon = $1.95 Daily benefit  
Cost measures included the construction of the additional turn lane which is the most 
expensive aspect of the project to analyze. This project also included initial consulting fees 
mentioned earlier in this paper to produce the feasibility of this proposed improvement. 
Engineering will commence at the conclusion of a definitive decision on the intersection 
improvement and will be baselined at 10% of the construction costs. Construction costs 
themselves are based on linear footage units of $2,380 a ft for a typical turn lane build with 9ft 





striping. It is important to note that all capital expenditure will be on an annualized capital 
recovery program with construction having a 10-year payback period. The initial consulting and 
engineering fees will be on a 5-year recovery plan. All is paid for by municipal bonds & 
SPLOST tax. These are all output on an annual basis during the payback period to accurately 








Chapter 5 Analyze 
5.1 Verification 
 To confirm that our findings are accurate, we are making a comparison of all the data and 
graphical findings we obtained. By comparing our graphical findings to one another we can see 
what points are strong in our analysis and where certain areas do not pose a large threat to the 
improvement of traffic at the West Main Entrance. The following analyses provide a breakdown 
of the data in a manner focused solely on what improvement route we are taking and how that 
data backs our findings.  
5.2 Baseline Data Trend Analysis  
All the data collected was observed between 11:00 AM and 5:30 PM on various days 
over multiple weeks. Spreading out the collection of the data ensured that the data points were 
not impacted by factors that could not be controlled such as campus events, cancelled classes, 
test days, etc. A total of 150 data points were collected and broken down into six parts: the length 
of time the traffic light directing cars onto South Marietta Pkwy was green or red, the number of 
cars that exited onto South Marietta Pkwy (turning left and right) from campus per light, and the 
number of cars entering campus from South Marietta Pkwy (turning left and right) per light. 





These values show that the light is red 42.50% longer than the light is green. While the 
light is red, cars can turn left and right to enter campus from South Marietta Pkwy as well as turn 
right onto South Marietta Pkwy from campus. However, cars are not able to turn left onto South 
Marietta Pkwy from campus while the light is red. This causes congestion because most of the 
people leaving campus at this intersection turn right onto South Marietta Pkwy towards US-41 
and the on ramps for I-75 North and I-75 South. When there are one or two cars that need to turn 
left out of campus, anyone behind them who needs to turn right must wait for the green light. 
The congestion is only amplified when the green light is only on for a brief period. As seen in 
Table 4, the shortest length of time the light was green for was 12 seconds. Realistically only a 










couple of cars can make it through a light in that brief period so cars will quickly and easily get 
backed up. 
  Figure 14 and Figure 16 display the trend over time of how many cars entered and exiting 
campus based on the color of the traffic light. Figure 14 focused on traffic entering and exiting 
campus during a red light. Figure 16 also focuses on traffic entering and exiting the campus but 
during a green traffic light. Figure 15 and Figure 17 are images of the intersection and what 











Figure 15 (Traffic Movement During a Red Light) 















After analyzing Figure 14 and Figure 16, it was clear that between 4:00 PM and 4:40 PM 
was when the least number of cars made it on and off campus from South Marietta Pkwy. Out of 
the 150 data points, 59 of them were collected between this period and the basic statistical 
analysis is outlined in Table 5 below. The light was only green for an average of 24 seconds but 
red for an average of 55 seconds, 44.77% longer than the time spent green. While cars can still 
Figure 16 (Traffic Movement During a Green Light) 





technically enter and exit campus at a red light, if one car at the front of the line needs to turn left 
everyone behind that car must wait until the light is green. Since the light was red longer than it 
was green, the traffic backed up quickly. 
Table 5: Basic Statistical Analysis of Chosen Data Points 
 
    Table 5 (Length of Light - Selected Data) 
5.3 Vensim Analysis 
 
Figure 19 (Vensim Accident Graph) 
 We took three different trials: base model, increase in average green light time, and 
increase in the number of car lanes to analyze the possible outcome of normal traffic flow that 
will help reduce the traffic jam at the intersection.  
The charts of Accident Rate, Reckless Driver, and Normal Flow are collected from Vensim 
model simulations. As we talked about three trials, the blue line is the base trial, the red line is 
when increasing the time of green light, and the blue line is when increasing the number of rights 
or left turn at the signal. The base model is to see the traffic flow using the probability of an 
accident at the intersection with the collected total number of cars. We then increase the 
likelihood of reckless drivers finding the outcome of traffic flow. It shows that when reckless 
drivers increase, the accident rate increases, increasing the delay time of traffic flow. Similarly, 










we increase the time of the green light and add lanes to further analyze the outcomes of traffic 
flow at the intersection. 
 
Figure 20 (Vensim Normal Graph) 
 The graph of normal flow shows the vehicle crossing through the intersection of South 
Marietta Pkwy. According to the Vensim PLE simulation from given data, we conclude that an 
increase in green light traffic time and growth in the number of lanes will reduce the traffic 
flow's interruption and decrease accidents at the intersection. When we increase the number of 
reckless drivers, the accident rate goes up; however, increasing the number of lanes reduces 
traffic incidents and improves the normal flow of traffic. Taking into consideration time and 
money to add lanes for turning right and left to enter and exit the Kennesaw State University 
Marietta Campus, having smooth traffic flow will benefit every driver and student traveling 
through the main intersection. Students' benefits are getting to class on time without stressing 
traffic jams and drivers getting to their destination on time. 
5.4 Arena Analysis 
Looking at the output from our two Arena models we can see that there is indeed an 
increase in the number of cars that can enter and exit campus, when we add a turn lane to exit 
right. By adding a turn lane, it minimizes the risk of people being stuck behind drivers who are 
turning left. For the current model, our report has a total of 4,272 cars out with run parameters 
2.5 hours a day over 12.5 hours. This means in theory the simulation goes for 2.5 hours a day for 
5 days and then stops. Focusing on the cars that are exiting campus because we want to compare 





left or right. This model provided us with a baseline to compare our model with the turn lane to, 
this way we can configure the percent increase of cars that are able to exit campus with that extra 
lane.  
 
Figure 21 (Turn Lane Addition Number Out) Figure 22 (Current Number Out) 
When analyzing our results from the turn lane model, we can see a significant increase in 
the number of cars out compared to our current model that represents the traffic situation now. 
Looking at the model report for the turn lane addition, there is a total of 6,053; this represents the 
number of cars that both entered and left campus over our proposed run period. The total number 
of cars that exited campus are 3,171 cars that is a 43.6% increase in cars that can exit campus 
with the addition of a right turn lane. The use of the two models shows that by adding a turn lane 
we can see a substantial increase in cars that can exit campus, this is because it limits the ability 
for a driver to get stuck behind someone who is turning left which happens 40.6% of the time.  
To compare if the turn lane addition should be our main route to increase the flow of 
traffic by 20%, we ran 4 simulations of the Current Model in Arena with different time windows 
for the light times. As discussed above in Chapter 4 section 4.4.2, we changed the time between 
arrivals to have a direct opposite correlation on the time per light for each traffic light. The 4 
models surrounded increasing or decreasing all times by 25%, or only changing the exit time by 






Figure 23 (25% Decrease to All) 
 
Figure (2425% Increase to All) 
 The two images above show how either increasing or decreasing the time between 
arrivals will affect the number of cars entering or exiting the Kennesaw State University campus. 
To reiterate when we increase the time between arrivals, we are decreasing the time for each 
light rotation, for the green light it becomes an average time of 00:31.9 and for the red light 
00:50.925. Thus, less cars would be able to get through, this is shown when the number of cars 
out for both enter and exit is 3,448 which is lower than the what the current is of 4,272. It is the 
opposite for decreasing the time by 25%, the green light time would increase to 00:53.13 and the 
red light would average at 01:24.88. This is shown when the number of cars out for both entering 
and exiting is 5,691. By decreasing all by 25%, we have an increase in the time for lights and 






Figure 25 (Only Exit 25% Decrease) 
 
Figure 26 (Only Exit 25% Increase) 
 The last two simulations we ran were related to only changing the exit light time by 25% 
either increasing or decreasing the time for in-between entity arrivals, since we are trying to have 
more cars able to leave campus. Doing this showed that doing either does not have much of a 
difference for number of cars entering or exiting. With a 25% increase there is 4,122 number out, 
and a 25% decrease has 4,370 number out. This still follows the trend that if we make the light 
times longer, we will have more cars able to enter or exit. Ultimately, if we decide to change 
light times, we should change all light time variables.  
 One of our goals for this project is to have an increase of at least 20% in the number of 
cars able to leave campus in a light rotation. To do this we broke down our results from the total 
number exiting per the 12.5 hour run window, to the number of cars pers minute on average and 
then multiplying that by the average time for the green light and red light. For the green and red 





 Comparing the output results for putting a turn lane in and in changing the light times, we 
can see that both offer an increased amount in the number of cars able to leave campus. With 
further analyzing though, the use of a turn is more substantial to our end goal than just changing 
the light times. This is because changing the light times still has the issue of people having to 
wait in the event the first car in line is turning left off campus. The right turn lane omits this issue 
to a greater extent and is the route we will be taking.  
This use of Arena helps to solidify that adding the turn lane is a smart move for the 
Georgia Department of Transportation and Kennesaw State University to implement. By having 
more cars be able to exit campus, there is a reduced chance of the West Main Entrance becoming 
backed up, which causes traffic to spread through campus.  
5.5 Input Analyzer 
 Input Analyzer provided the needed values for both Arena models, not only did it give 
the mean, standard deviation, it provided the best fit distribution that shows the squared error. 
The use of input analyzer is to better understand the data, all of which are BETA distributed and 
is a building block for Arena. The BETA distribution “is a versatile way to represent outcomes 
for percentages or proportions.” (Glen, 2021) Focusing on how a BETA distribution represents 
percentages is why input analyzer was a smart choice to get the data we need, because our Arena 
model encompasses our data as a whole and predicts how it will run given certain changes. The 
choice to develop an input analyzer for all the cars data and the individual turn option stemmed 
from wanting a distribution summary that encased all the needed values for the entities that 
would go into Arena surrounding how many cars would be in the processes and such.  
5.6 Economic Analysis  
We developed our excel cost benefit analysis model to give a high-level ratio (cost-








Table 6 (Economic Analysis) 
The benefits and costs are turned into monetary values and compared to each other. As such, a 
ratio greater than 1 indicates the project is feasible and viable. A ratio under 1 indicates that a 
project is not practical.  
To interpret our model, we indicated our performance measures in values per unit to better 
monetize the values. In accordance with the units, a daily benefit was established to outlay the 
benefit value associated with that measure. Further, the daily benefits were then measured on 
working days to create annual benefits. Referring to our table above, we can see that our left turn 
lane improvement proposal projects to add $174.17 in monetary value daily and $45,284.50 in 
annual benefits. It is worth noting that our decrease in waiting time and traffic delays per car of 9 
seconds contributed significantly to daily benefits in delay value and fuel. Furthermore, the 
traffic flow increase contributed to a reduction in accidents resulting in substantial benefits. Our 
cost measures include the capital outlay for the construction of the turn lane, the initial 
consulting and the engineering associated with the project. In total those costs via capital 
recovery set forth by the city and county, the costs are projected at an annual cost of $42,000. 
Construction such as grading, grubbing, and asphalting account for a notable amount of our 
annual costs. In total, comparing our annual benefits to our annual costs, we see that our ratio is 
1.07 to 1 indicating this project is indeed feasible and worth considering as a viable alternative to 





Chapter 6 Results 
6.1 Summary of Analysis  
 Based on our findings from the multiple methods used to verify the best course of action, 
it was determined that altering the length of the traffic lights based on the time of day and adding 
a right turn lane exiting campus will provide the best results. The first analysis performed was a 
baseline analysis of the number of cars that enter and exit campus throughout the day from the 
perspective of the traffic light facing campus. This analysis provided insight into the current 
situations and the benefit of altering the timing of the traffic lights and constructing a right 
turning lane out of campus. The main analysis was performed using Vensim and Arena, two 
simulation programs. Vensim was used to observe the likelihood of accidents during the current 
layout of the intersection as well as with the proposed layout. Through this analysis, it was 
proven that increasing the traffic light length and constructing a new right hand turning lane 
would result in a decrease in car accidents and an increase in the number of cars that are able to 
make it off campus during each light. Arena was used to determine the actual number of cars that 
can enter and exit campus. This analysis required multiple trial runs to obtain a result that 
satisfied the goal to increase the number of cars exiting campus per light by a minimum of 20%. 
Lastly, an economic analysis was performed to determine whether the proposed alterations 
would pay off financially. The numbers used in this analysis were obtained from 
communications with the Georgia Department of Transportation (GDOT) and relevant past 
projects. The financial benefit of constructing a right turning late out of campus was greater than 






Chapter 7 Conclusion 
7.1 Summary 
  The purpose of our project was to find a way to reduce traffic at the Kennesaw State 
University – Marietta Campus at the West Main Entrance. Currently, there is a traffic problem 
resulting from the increase in students on campus now that the COVID-19 pandemic is over. At 
this entrance/exit onto campus there is a multitude of cars that cause traffic to back into other 
intersections on campus. By optimizing the traffic light times and installing a new turn lane we 
can decrease this traffic issue by increasing the number of cars able to exit campus.  
 To come to this conclusion, the problem first was analyzed with a set of goals aimed to 
achieve a 20% increase in the number of cars able to leave campus in one light. To determine a 
baseline, a total of 150 data points was collected to learn about the current system to improve it. 
Two simulation programs were used, one was Vensim used to learn about the number of 
accidents and how the new additions would decrease the number of accidents, and one the other 
was Arena, where two models were created, current and future. After this a cost benefit ratio was 
performed to determine the feasibility of the project and it was determined that, if the project is 
performed, the cost benefit is positive and would help rather than hurt the traffic situation.  
 Through these analysis’ the solution to our traffic problem was solved, two options were 
taken into consideration, altering traffic light times, and installing a new right turn lane off 
campus. While both recommendations showed an improvement to the current model, the greatest 
improvement in the number of cars able to exit campus and the reduction in wrecks is with the 
new turn lane.  
7.2 Final Recommendations 
 From observing the intersection at various times over multiple days and analyzing the 
simulation results, it has been determined that the best way to proceed with reducing the traffic 
buildup is to build a right-hand turning lane exiting campus. This would provide an increase in 
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Chapter 9 Appendix  
9.1  Responsibilities 
Figure 27 (Member Responsibilities) 
9.2 Contact Information 
Kiara Lawson: klawso27@students.kennesaw.edu 
Sara Davis: sdavi323@students.kennesaw.edu 
Mohan Siwakoti: msiwakot@students.kennesaw.edu 





9.3 Reflections  
Kiara Lawson – This project helped me see the real-life application of everything I have learnt 
during my time at KSU. It was great being able to utilize Vensim and Arena in this project 
considering most of us were introduced to them this semester. The best part of this project was 
reaching a solid conclusion that was backed up by our data and research.  
Mohan Siwakoti – First of all, I am very thankful to Kennesaw State University for giving me 
this great opportunity to explore myself with what I have learned in the last four years. This 
project is a door opener for me. I can implement the knowledge I have received from 
Engineering and ISYE courses. I have completed some other smaller projects; however, this 
senior design project taught me how it is professionally done. I experimented with some 
computer software such as Arena and Vensim in real-life problems to resolve the issue and get to 
the best possible solution. After I completed this project, I felt confident about my future ahead. 
Sara Davis – This project taught me important aspects of working in a group and applying our 
knowledge collectively to reach an end goal. I enjoyed using different methods of optimization 
and feel that this project helped me to bring together my knowledge of the past three years by 
applying it to a real-world situation. I am grateful to have had this opportunity and feel prepared 
to go into my field of choice.  
Justin Bostwick – Over the past 4 years I’ve completed many classes pertaining to problem 
solving and analytics ultimately culminating in this final project. I felt like I’ve used knowledge, 
ideas and skills obtained in those classes in every facet of the traffic optimization project. It’s a 
great feeling to really put those practical approaches and solutions into a real-life project to see 
the positive outcome. From using financial analysis to data collection and modeling it really all 
came together to produce a product that can be expanded upon. It’s such a great feeling to know 
the skills obtained at KSU will help me solve problems, such as this project, in industry.  
 
 
